Abstract: Karyotype of Liriope spicata var. prolifera, a Chinese endemic species, was described in detail for the first time. Its proto-variety L. spicata was also investigated for comparison. The basic chromosome number of these two species was x = 18. L. spicata var. prolifera, recorded as triploid 2n = 54, consisted of 30 metacentric chromosomes and 24 submetacentric chromosomes. Only one chromosome of the 11th group had a secondary constriction with a satellite in the short arm. L. spicata was tetraploid 2n = 72 and consisted of four sets of 6 submetacentric chromosomes and 12 metacentric chromosomes without visible satellites. This paper provides further available data on Liriope chromosomes, and also indicates that L. spicata var. prolifera and L. spicata are probably separate species.
Introduction
Liriope spicata (Thunb.) Lour. var. prolifera Y. T. Ma is one of the original plants of the common traditional Chinese materia medica "Maidong". Its tuberous roots are used medicinally, with effects of nourishing Yin to promote the production of body fluid and moistening the lung to clear away heart-fire, for the treatments of insomnia, constipation, cough, dry mouth and so on (Zhen 2000) . Maidong was recorded in the ancient Chinese herbal books of the past dynasties. In Classified Materia Medica for Emergency (Tang 1108) , Maidong was divided into Suizhou Maidong and Muzhou Maidong. They respectively originated from the genus Liriope and Ophiopogon proved by Yu et al. (1994) . At present, Liriope spicata (Thunb.) Lour. var. prolifera Y. T. Ma and L. muscari (Decne.) Bailey are registered as Shanmaidong, and Ophiopogon japonicus (Thunb.) Ker-Gawl as Maidong in the Chinese Pharmacopoeia (2005) . The genera Liriope and Ophiopogon belong to members of tribe Ophiopogoneae in Liliaceae family (Hutchinson 1973) . Because of their morphological similarities, species of the two genera are often misidentified in medicinal plant market. Botanists have done much cytological work about them. The chromosome numbers have been reported for 27 of 55 Ophiopogon species (e.g., Nagamatsu & Noda 1964 , 1971 Hasegawa 1968; Yang et al. 1990; Kondo et al. 1992; Liang et al. 1998; Yamashita & Tamura 2001; Cao et al. 2002; Denda et al. 2006 ). The basic chromosome number of this genus is estimated as x = 18 (Tamura 1995) . Liriope is an endemic genus in East Asia and comprises about eight species, extending to Japan, the Philippines, and Vietnam (Chen & Tamura) , and six species (three endemic) in China. The chromosome numbers of two species are reported, namely, that L. muscari is 2n = 36 (Ge 1987; Fu & Hong 1989) , 2n = 72 (Oinuma 1946; Westfall 1950; Hasegawa 1968) , and 2n = 108 (Oinuma 1946) , and that L. spicata is 2n = 108 (Sato 1942; Hasegawa 1968 ) and 2n = 72 (Yang et al. 1990 ). The basic chromosome number of this genus is also estimated as x = 18 (Darlington & Wylie 1955) .
L. spicata var. prolifera is an endemic species from Hubei province in the central part of China. In recent years it has become economically important for its good medicinal value and is cultivated in Xiangfan city, Suizhou city and other neighbouring areas. As an evergreen perennial herb with spikes of small violet flowers, L. spicata var. prolifera has no seeds after efflorescence and it reproduces only by vegetative propagation (Yang & Chen 2006) . The characterization and conservation of its germplasm are desirable. However, its chromosome numbers and karyotypes have not been reported yet. Although morphologically similar toL. spicata var. prolifera, its proto-variety L. spicata bears seeds after efflorescence. The present paper provides available data on Liriope chromosomes and focuses on comparing the karyotype of L. spicata var. prolifera with that of L. spicata. Our findings also provide important cytogenetic evidence for the cytotaxonomy and breeding of L. spicata var. prolifera.
Karyotype analysis of Liriope spicata 
Material and methods
Plant materials were collected from two localities in Xiangfan city, Hubei province, China. A total of 20 individuals of L. spicata var. prolifera were collected from its experimental field in Oumiao Town, and 15 individuals of L. spicata were collected from one locality in Lumen Temple. They were transplanted to the greenhouse at the Huazhong University of Science and Technology, and collected when required. The voucher specimens are deposited in the herbarium of Tongji School of Pharmacy, Huazhong University of Science and Technology.
For cytological observations, 2 mm long root tips were collected from young plants and pretreated with 0.1% aqueous solution of colchicine at room temperature for 2 h before they were fixed in Carnoy (glacial acetic acid: absolute ethanol 1:3) for 12-24 h and stored in 70% ethanol at 4
• C until required. Prior to analyses, the tips were washed in distilled water, hydrolysed in 1N HCL at 60
• C for 10 minutes and stained in Phenol-fuchsin solution for 5 minutes and squashed. Semipermanent slides were examined under a microscope. The chromosome number was determined by counting more than 100 metaphase cells for each of the taxa studied and the best six metaphase plates were selected for the calculation of chromosome characteristics. The selected metaphases were photographed, the chromosomes measured. The absolute chromosome length, relative chromosome length and chromosome arm ratio were used for the chromosome identification and comparison. The relative chromosome length was calculated from the ratio of the length of particular chromosome to the sum of lengths of all chromosomes in one chromosome set. Chromosome arm ratio was calculated as the ratio of the length of the long arm to the length of the short arm. The designation used to describe the karyotypes follows Li & Chen (1985) : chromosome with arm ratio of 1.01-1.70 was defined as metacentric chromosome; chromosome with arm ratio of 1.71-3.00 was defined as submetacentric chromosome. The symmetry of karyotypes was classified according to Stebbins (1971) .
Results
The number determined in the somatic cells of L. spicata var. prolifera was 2n = 3x = 54 (Fig. 1) . Somatic chromosomes consisted of 24 submetacentric chromosomes ( Figs 1A, B-3 , B-5 to 8, B-11, B-13, 14) and 30 metacentric chromosomes ( Figs 1A, B-1, 2, B-4 , B-9, 10, B-12, B-15 to 18), belonging to 2B type by Stebbins. Of these 54 chromosomes, the first and longest pairs of chromosomes were metacentric chromosomes (Figs 1A, B-1) and had a medium length of ca. 4.68 µm, the other metacentric or submetacentric chromosomes (Figs 1A, B-2 to 18) were short, with the length ranging from ca. 3.82 to 1.22 µm. Only one chromosome of the 11th group had a secondary constriction with a satellite in the short arm. (see the arrow in Figs 1A , B-11). The index of karyotype asymmetry (long arm total length: total haploid complement length ×100) was 60.88%, which shows a high degree of symmetry. The ratio of the largest chromosome length to the smallest chromosome length was 3.8. Chromosome length, arm ratio and chromosome designation are presented in detail in Table 1 .
L. spicata had a karyotype of 2n = 4x = 72, and somatic chromosomes consisted of 24 short (ca. 2.81 to 1.49 µm) submetacentric chromosomes (Figs 2A, B-2, 3 , B-6 to 8, B-10) and 48 short (ca. 3.83 to 1.02 µm) metacentric chromosomes (Figs 2A, B-1 , B-4, 5, B-9, B-11 to 18), belonging to 2B type by Stebbins. No satellites were visible. The index of karyotype asymmetry was 59.51%, which shows a high degree of symmetry. The ratio of the largest chromosome length to the smallest chromosome length was 3.8. Chromosome length, arm ratio and chromosome designation are presented in detail in Table 1 .
Discussion
In our study, the karyotype of L. spicata var. prolifera, recorded as triploid 2n = 54 = 30m + 24sm (1SAT), was reported for the first time. The karyotype of L. spicata was also examined for comparison. The basic chromosome number of these two species was x = 18 for both, which was in agreement with the previous reports on Liriope plants (Darlington & Wylie 1955) . Their karyotypes were similar but differed slightly in the number of metacentric or submetacentric chromosomes and the chromosome length. Chromosome size of L. spicata was smaller than that of L. spicata var. prolifera. Their karyotypes were also diverse in the presence or absence of chromosomes with a satellite. L. spicata Q. Zhou et al. var. prolifera had three sets of eighteen chromosomes with only a satellite in one chromosome and no satellites in the other two chromosomes of the 11th group, which could be observed repeatedly and enables us to treat it as a heterogeneous triploid. So far, no triploid has been reported in Liriope. On the other hand, L. spicata had four similar sets of eighteen chromosomes without visible satellites, and is thus a homogeneous tetraploid. This result was consistent with the previous report (Yang 1990) . Our findings provide important cytogenetic evidence for the cytotaxonomy and breeding of L. spicata var. prolifera. L. spicata var. prolifera was a heterogeneous triploid with only one satellite. What did it originate from? In nature, triploid plants are generally thought to originate spontaneously from the hybridisation between diploids and tetraploids. Our researches indicate that L. spicata var. prolifera might originate from the hybridisation of the different diploid or tetraploid ancestors. In its distribution areas of Hubei province, it usually occurs together with L. spicata and Ophiopogon species with the same time of anthesis. The karyotypes of Liriope and Ophiopogon are similar. Firstly, both of them belong to symmetrical 2B type and their basic chromosome number is x = 18, diploid or tetraploid (Tamura 1995; Darlington & Wylie 1955) . Secondly, they consist of submetacentric chromosomes and metacentric chromosomes with the latter being prevalent. The longest chromosomes are metacentric chromosomes. The similarity of karyotypes demonstrates that the two genera have close relationships in cytotaxonomy. These findings provide a possibility for the genus cross of the two genera. So L. spicata var. prolifera might originate from the hybridisation between tetraploid L. spicata and diploid species of Ophiopogon. However, this conclusion needs to be confirmed by further research.
There have been great debates on the taxonomic position of L. spicata var. prolifera for a long time. On the basis of morphological criteria, L. spicata var. prolifera is most widely accepted as a variety of L. spicata (Ma & Chen 1985) , distinguished by the presence or absence of seeds. However, they are stated to be sep-arate species because they are not so closely genetically related, this was proved by using the methods of random amplified polymorphic DNA (Wu Tao et al. 1998 ). Afterwards, they are merged into the same species in Flora of China (Chen 2000) . In the present study, we proved that L. spicata var. prolifera was a heterogeneous triploid and L. spicata was a homogeneous tetraploid. These findings indicate that they are cytotaxonomically different and agree with the views treating them as separate species.
In addition, because of triploid plants being naturally sterile, the discovery of triploid L. spicata var. prolifera revealed the cytogenetic mechanism of its sterility.
